PROCESS;?@ngHE PREPARATI ON OF A FLEXI BLE THERMOPLASTI C COVWPCSI TE FI LAVENT
CONTAI NI* | NUOUS FI BRES. The present invention relates to a process
for ‘tthe preparation of a flexible thernoplastic conposite 5 filanment
.contal-ning continuous fibres. Mre specifically, the present invention
relates to a process for the preparatian of a flexible therno- plastic
conposite filanent consisting of bundles of continuous fibres of .any kind,
either mneral, organic 10 or nmetallic, inpregnated with a thernoplastic
polyole- finic resin in powder formand/or in fibres and covered with an
_external flexible thernoplastic sheath which is also polyolefinic. In many
applications, formally dom nated by the 15 use of netallic materials,
conposite materials have been proposed basically consisting of a
polymeric matrix and an inorganic reinforcenment, mainly glass or carbon
fibres. In conditions which require particularly high performances, from
the point of view of nechanical 2 resistance, conposite nmterials are

proposed with a

PROCESS FOR THE PREPARATION OF A FLEXIBLE THERMOPLASTIC
COMPOSITE FILAMENT CONTAINING CONTINUOUS FIBRES.

The present invention relates to a process for the

preparation of a .flexible ‘thermoplastic composite
5 filament containing continuous fibres.

More specifically, the present invention relates
to a process for the preparation of a flexible thermo-
plastic cémposite filament consistinglof bundles of
continuous fibres of any kind, either mineral, organic

10 or metallic, iméregnated with a thermoplastic polyole-~
finic resin in powder form and/or in fibres and'covered
with an external flexible thermoplastic sheath which is
also polyolefinic.

In many applications, formally dominated by the

15 use of metallic materials, chposite materials have
been proposed basically consisting of a polymeric
matrix and an inorganic reinforcement, mainly glass or
carbon fibres. In conditions which require particularly

high performances, from the point of view of mechanical



| ong or, above all, continuous fibre. The first type of conposite material
with a | 6fig or continuous fibre, devel oped as an alternative to 5 netallic
mat erials, was characterized in that it had a matrix consisting of
thernosetting polyners, of which epoxy resins, unsaturated pol yester resins
and bisma- |leimdes are typical exanple@s. End products nmade of these
materials are obtained 10 by inpregnating and/or pre-inpregnating the

fibres with theragrﬂeﬁsacaod/&&ﬁﬁogiegoh.wss.—ia@gl_ %@éepgg%ghédf oF PERY o he

material with technol ogies such as manual stratificat wi ndt ng,
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matrix consisting of thermosetting polymers, of which

epoxy resins, unsaturated polyester resins and bisma-

"leimides are typical examples.

End productg made of theselmaterials are obtained

10 by impregnating and/or pre-impregnating the fibres with
the monomer and/or a prepolymer and subsequently
forming the material with techholoqies such as manual
stratification, winding, pultrusion and moulding in a
press or autoclave.

15 In each case the fibres are passed through solu-
tions of the thermosetting' resin with consequent
problems of environment and process costs due to the
neceséity of arranging the reuse and/or storage of the
solvents used;

20 ‘To overcome this type of inconvenience, composite
materials have quite recently been introducéd which use
thermoplastic polymers as matrix. In this case the
relative transformation technology involves, if the

composite is a long or continuous fibre, the prelimi-

25 nary formation of a semifinished product.



3 An exanple of the preparation of a sem finished product of this kind is
described in U S. patent 3.742.106, which discloses the formation of a
conpoesite material by the inpregnation of a continuous reinfor- 5 cing
f.ilament in a thernoplastic nelt. Another exanple of sem finished product
for conposites with a thernmoplastic nmadrix is described in Journal of
Appl i ed Polynmer Science - Applied Polyner Synposium vol. 47, page 501,

1991, which discloseqqd heydfl1&r spar %@lﬁa@aspaﬁlayoassfewﬁmfsh%the

spinning of a mx conS|st|ng of reinforcing and thernoplastic fibres. U S

patent 4.614.67 r@ﬁﬁgtl bg?otgﬁlgor,g?ﬁ%orié)f YRR t 8, DYy tdhe Lapeegnation

of a bundle of fein- r cenent res MA t hernopl astic po ers and
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unrolling a contlRuoys,f B 1 89P8hSLEP9n%b¢%a continuous reinfor-
5 cing filament in a thermoplastic melt.

Another example of semifinished product for
composites with a thermoplastic matrix is described in
Journal of Applied Polymer Science -‘Applied Polymer
Symposium, vol. 47, page 501, 1991, which discloses the

10 preparation of a continuous filament by the spinning of
a mix consisting of reinforcing and thermoplastic
fibres.

U.S. patent 4.614.678.describes the formation of
a composite by the.impregnation of a bundle of rein-

15 forcement fibres with thermoplastic powders and the
covering of the bundle with a sheath which is also
thermoplastic.

More spécifically, the process described in this
pafent comprises: |

20 - unroliing a continuous filament, conéisting of a
bundle of fibres, for example glass or carbon

fibres, from a bobbin:; e
- feeding the filament to a closed chamber, inside

which a thermoplastic polymer in powder form is

25 maintained in a fluidized state by means of gas;



bundl e of fibres, for exanple glass or carbon fibres, froma bobbin;
feeding the filament to a closed chanber, inside which a thernoplastic

pol yner in powder formis 25 mai ntained in a fluidized state by neans
of gas; 4 opening, inside the chanber, the bundle of fila- nents

basically i'nto single fibres; - dqamnng t he opened filanment through the
fluidized polymer for a time which is sufficient for parti- 5 cles of

pol yner to be deposi bsenahgunqnghaesmal @hhinBE®S: theChRHNG (e F4]ament
and enclosing it with a protfective flexible sheath of thernoplastic polyner

preferably of the s nEb”Sa@icBTf PONEET sifq1e £i bPQé mer. After obtaining
the sem finished products, units afre produce% h consolldatlon t echni ques

whi ch I h {
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S. M Lee, pUb|'Sh6dpg¥ymg¥ for a time which is sufficient for parti-
5 cles of polymer to be deposited around the single
fibres;

- reclésing the filament and enclosing it with a
protective flexible sheath of thermoplastic
polymer preferably of the same kind as the powder

10 polymer.

After obtaining the semifinished products, units
are produced with consolidation techniques which can
involve heating and pressure application, as described
for example in various items of the Encyclopedia of

15 Composites, prepared by S. M. Lee, published by VCH

Publishers, New York, 1990-1991, or the pultrusion of

_ tﬁe semifinished products themselves.
The use of thermoplastic.composites undoubtedly
produces improvements from an environmental point of
20 view as no solvents are involved in the production
cycles. Problems do arise however in the transformation
into end products, above all when the composite materi-
al consists of a continuous glass multifibre filament
impregnated and covered with -a polyolefin such as

25 polyethylene. In this case, there are problems of



Publ i shers, New York, 1990-1991, or the pultrusion of the semfinished
products thensel ves. The use of thernoplastic conposites undoubtedly
produces i nprovenents from an environnmental point of 20 view as no sol vents
are involved in the production cycles. Problens do arise however in the
transformation into end products, aboveS5all when the conposite materi- al
consists of a continuous glass multifibre filament inpregnated and covered

with a pol yol efddmsaein 88128t B8l YRithidedNthe Igblytlefias® ndtei€ #h&
probl ens of 5 conpatibilization between the polyolefinic matrix and

reinforcement. Jdihfokl@Bntin fact, that to inprove adhesion between a
reinforcenent fibre, particularly glass 5 fibre, and a polyneric matrix, it

i t dify 1 ff fi kbh
is necessary to nodify the ;gyddRceiq g%lchg%wli{._g ﬁg’??}%gcﬁgﬁ\éeg%nthe

exanple of the silanic or amnic type, nt er
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5 fibre, and a polymeric matrix, it is necessary to
' modify the sﬁrface of the fibre with substances, for
example of the silanic or. aminic type, which, by
interacting betweén the reactive sites present on the
fibre and reactive groups present in the polymer,

10 produce strong bonds which considerably impro?e the.
compqtibiiity between matrix and reinforcement. This
surface tre&tment of the fibre, known as chemical
finishing, is amply described in 1literature, for
example in "Reinforced Plastics and Elastomers. Recent
15 Developments", M.ﬁ.Ranney, Noyeé Data Corporation,

1977, 4.

In the case of the polyolefins, however, owing to
the substantial absence of polar or reactive groups in
the polymeric chain, the sizing treatment of the fibrg

20 alone is not sufficient to guarantee the necessary
adhesion between matrix and reinforcement. To overcome
‘this inconvenience-a proposal has been made to modify
the structure of the olefinic polymer by grafting onto
the polymeric chain monomers having polar groups such

25 as maleic acid or anhydride, acrylic or methacrylic



conpatibility between matrix and reinforcenment. This surface treatnent of
the fibre, known as chemcal finishing, is anply described in
literature,. for exanple in "Reinforced Plastics and El astoners. Recent 15
Devel opnents”, M W Ranney, Noyes Data Corporation, 1977, 4. In the case
of the polyolefins, however, owing to téhe substantial absence of polar or
reactive groups in the polyneric chain, the sizing treatnent of the fibre

20 alone is not suifdd ci @ik.t orKeianRlies ke oRECESSRE i Gl N awiv diet wagn
matri x and reinforcenment. To overcone this inconveni ence a proposal has
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t he polyneric chaln nononers having pol ar dgroups such 25 as nmaleic acid or
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operati on however has prove e polyolef ins aré

an extruder U siRiind | BRSO, e 0B AALASE  SB BREVRRBLRE L1
prefunCtionalsi_directly in an exfruder or by adding a prefunctionali-
zed polymer to the mixture to be treated, it is possi-
ble to have a dynamic contact, guaranteed by the
extruder itself, between fibre and polymeric matrix
which favours the chemical bond between the size of the
10 fibre and the ﬁolar groups grafted to the polyolefin.
On the contrary, in the case of composites with a
continuous fibre the functionalizationlof the polyole-
fin has proved to be ineffective as subsequent trans-
formation technologies of the semifinished products do
15 not permit the above dynamic contact necessary for the
compatibilization betweenfreinforcemeﬁt and polymeric
lmatrix. On the basis of this, the use of polyolefins,
and in particular polyethylene, for the prepafation of
thermoplastic composites reinforced with continuous
20 glass fibres has had little success in the past.
The Applicant has now found a process for prepar-
ing a flexible thermoplastic composite filament with a
polyolefinic base and containing continuous fibres

which, being capable to favour and improve the adhesion

25 between fibrous reinforcement and polymeric matrix



zed polynmer to the mxture to be treated, it is possi- ble to have a
dynam ¢ contact, guaranteed by the extruder itself, between fibre and
polyrmeric matrix which favours the chem cal bond between the size of the 10
fibre and the polar groups grafted to the polyolefin. On the contrary, in
the case of conposites with a continuous fibre the functionalization of the
pol yole- fin has proved to be ineffective as subsequent trans- formation

technol ogi es of ghbengethbi mbaladngrprlisd s Lo dw 10 RRIddL 1die AbRYRA-

dynam c contact necessary for the conpatibilization between reinforcenent

and pol yneri c nﬁi—aaﬁctghhsggngﬁﬁiighOEnétcmﬁiéahe g indiilaep! €fins, and in
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past. The Applicant has n ound a process for prepar- ing a tlexi
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25 bet ween ftl; br@ijcsz cgc?nixppgso{gee r?ir!l:[amaer}&,pglo%@rfncinr!gatcroin)éinuoas inorganic
fibres basically consisting of a flexible sheath in
polyolefinic resin which covers a bundle of fibres
impregnated with a polyolefinic resin, which comprises:
a) unrolling a filament, consisting of a bundle of
10 continuous inorganic fibres, from a bobbin;
b) opening the bundle into the single fibres;
c) wetting the open fibres with a solution basically
consisting of:
i) an organic solvent;
15 ‘ ii) 1-30% by weight, preferably 3-15%, of at
least one additive sélected from those having

the general formula:

0 O R,
i 0l |
R-0-C~CH=CH-C-N-X-Si-(R,) (1)
20 | | (R3) 3.
(Rz)n—S\i-—CH=CHZ - (I1)
(R3)3-n

or from ethylenically unsaturated organic com-
pounds containing at least one anhydride, carbo-

25 xylic or epoxidic function and triallylcyanurate



during the noul di ng phase, allow the production of end- products having
hi gh mechani cal performances. The present invention therefore relates to a
process for the preparation of a flexible, thernoplas- 5 tic conposite
filament, containing continuous inorganic fibres basically consisting of a
flexible sheath in polyolefinic resin wg ch covers a bundle of fibres

| npregnated with a pol yolefinic resin, which conprises: a) unrolling a

~filament, consqstlngogftglh@ﬂﬁanQﬁyiQsoc anu&@Bki:nuous inorganic fibres,
froma bobbln b) - opening the bundle |n¥o the single fibres; c) wet-ting

the open flbres “ﬂthaﬁdSQhHEbQH hﬁ%hﬁah|Yréﬂﬁéééﬁt“9 drbéen atofir g@ni ¢
sol vent; 15 1) 0% by wei ght," preferably 3- of at |east one

addi tive sel ected erfk%fQée€§ﬁﬁd¥1téﬁhéﬁﬁﬁ{ﬁ% gggﬂuhg.t$e@r] ggrggﬁr] or

fromethylenically un ur at organi c com S contalning at l[east one

anhydride, carbo- 25 ¢qng, ﬁy&b%f@%e%Q%xbﬂ'81&8993&8”r§89c&i'é$h¥£§¥a”“rate

5 ing from 1 to 6 carbon atoms or a halogen, Ry
represents an alkyl ra&ical containing from 1 to
8 carbon atoms, X represents a C,-Cy aromatic .
bivalent radical or cycloalkyl radical or C,~C,
heterocyclic radical or a radical having the
10 formula ~(-CH-) - wherein R, is a hydrogen atom or
R,
a C,-C,y alkyl radical, n is an integer between 1
and 3, extremes included; m is an integer between
1 and 4, extremes included;
15 iii) 0-10% by weight, preferably 0.5-5%, of at
| least one organic peroxide;
d) evaporating the solvent from the wet fibre;
e) impregnating the open filament with a polyolefinic
resin in powder form or in the form of a continu-
20 ous fibre;
£f) reclosing the impregnated filament and applying a
protective flexible thermoplastic sheath around it
in polyolefinic resin preferably of the same kind
as the powder éolyolefinic-resin.

25 The composite filament of the present invention



‘or trinmethylallylisocyanurate; and wherein R and [err] represent a hydrogen
atomor alkylic radical containing from1l to 8 carbon atons, R2 represents
an al koxylic radical contain- 5 ing froml to 6 carbon atons or a

hal ogen, R3 represents an al kyl radical containing from1l to 8 carbon
atons, X represents a [err] aromatic biva@ ent radical ‘or cycloal kyl radical
or [err] heterocyclic radical or a radical having the 10 formul a
[err] wherein [éragd ashighyflegébidtiey evhixcH edXlows kit tadbeatwistea,an

i nteger between 1 and 3, extrenes included, mis an integer between 1 and
4, extremes inchisdesi €6 form Hidhlp- #d¥chy1ecindés oreter ¥ uded-5% of

at | east one organi c peroxide; d) evaporating the solvent fromthe wet

fibre; e) inpiR@MHNGRCarRER1E @fee.tna»/w(tmdao&\oam_hﬁéhahc 4886PALN
powder formor in the formof a continu- 2 ous fibre; f recl osi ng
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sheath around it 1'n polyolefinic resin préeferably of the sane kind
5 have a fibre content of up to 70% in volume, preferably
between 40 and 60%.

Any kind of inorganic fibre can be used to prepare
the composite filament of the present invention. For
example glass fibres with a titer of between 150 and

10 4000 tex.

The opening of the bundle of inorganic continuous -
fibres can be carried out with a mechanical roll system
with a small diameter, a vibrating, pneumatic syétem
etc. When the bundle has been opened, this is ready for

15 the wetting step of the fibres with the solution. This
operation can be carried out either by. immersing the
opened bundle in the solution or drawing the group
through two layers of fabric soaked ' in the solution
itself.

20 The qrganic solvent suitable for preparing the
solution preferably has a low boiling point and must
be such as to dissolve both the products of group (ii)
and the peroxides of group (iii). Preferred solvents
are aliphatic hydrocarbons, such as pentane and hexane,

25 Xketones such as acetone, alcohols, such as methanol,



as the powder polyolefinic resin. 25 The. conposite filament of t
present invention 9 has a high flexibility which allows i't to be

tw sted, woven.to formhighly flexible mats or to be used as such to form
articles of any kind or dinension, accord- ing to the filament w ndjng
technique. The filanment can 5 have a file content of up to 70%in vol une,
preferably between 40 and 60% Any kind of inorganic fibre can be used

prepare the conpewian®lf idrieldopfobPE RLESRBL, | BL@RKOBUdIOraLXxReBh gl 9! ass
fibres with a titer of between 150 and 10 4000 tex. The opening of the

bundl e of i nor gapietat@NidriisyfdddEsteande, carried out with a mechani cal
roll systemwth a snmall dianmeter, a vibrating, pneumatic system etc.

t he bundl e has been ganﬂaﬁgfﬂéyi r?ﬁﬁ@f;PrB&§muiQ?é§$tWﬂléﬁﬁégh(ge

fibres with the sol ution.

I S operatTon can be carri out either by
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5 wherein R and R, are hydrogen atoms; R, is -OCH;, -OC,H,,
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-0C;H,, -OCH,, X is a propyl:; R, is a hydrogen atom; n

he

to

When
t he

gh

is 2 or 3; m is equal to 3. These products are known in

literature and available on the market. They can also
be synthesized with well-~-known methods described, for
example, in U.S. patent 4.429.064.

Products with general formﬁla (1) which can be
used in the present process are: ethyl triethoxysilane,
chloropropyl trimethoxysilane , vinyl triethoxysilane,
Qinyl trichlorosilane, vinyl triacetoxysilane, wvinyl
tri(methoxyethoxy)silane, etc.

Finally, examples of ethylenically unsaturated
organic compounds containing at least one. anhydride,
carboxylic or epoxidic function are unsaturated anhy-
drides such as maleic anhydride, itaconic anhydride,
citraconic anhydride, succinic alkenyl anhydrides with
a<§-cmlalkenylié residue; unsaturated carboxylic acids
such as maleic, crotonic, cinnamic, itaconic, acrylic,

methacrylic acids; unsaturated epoxides such as glyci-

dyl acrylate, glycidyl methacrylate: etc. Maleic

anhydride and acrylic acid are preferred.



itself. 20 The organic solvent suitable for preparing the solution
preferably has a |l ow boiling point and nust be such as to dissolve both the
products of: group (ii) and the peroxides of group (iii). Preferred solvents
are aliphatic hydrocarbons, such as pentane and hexane, 25 ketones such as
acetone, al cohols, such as nethanol, 110 ethanol and isopropyl al cohol,
esters such as nethyl- acetate or ethylacetate, etc. Products having
general fornmula (1) Widgdni@npéroxt@dsi arkhprpaaeessuekdt he paddeanic

i nvention are those 5 wherein R and [err] are hydrogen atons; [err] is

[err] [err], X inikiptund ; irer graiftiaghygea6€foAs 0N £ N pol yZupctIondl S
equal to 3. These products are known in |literature and avail able on the

mar ket. They cagomd d&&mhb%éz ¥ Ehnyel i xk8owRamhbedandaserabed, for
10 exanple, in U S patent 4.429.064. Products with general formula (I)

which can be usgd;ientlihR B@B@Ebeghoiésénérﬁéoeé dndd 18! Rexpeir-heltes
chl oropropyl trinmethoxysilane , vinyl triethoxysilane,

5 of between 100 and 240°C at which the grafting reac-
tions generally take place. Examples of peroxides,
according 'to the present invention, are: dicumyl
peroxide, 2,5-bis (ter-butylperoky) -2,5-dimethylhexane,
ter-butylperoxybenzoate, - ter-butylcumyl peroxide,

10 1,3-bis(ter-butylperoxy)isopropylbenzene, dibutyl
peroxide, 2,5-dimethyl~2,5-bis(ter-butylperoxy)hexine,
etc. These peroxi&es are commercially available and are
prepared by AKZO CHEMIE under the trade-names Perkadox
BC, Trigonox 101, Trigqnox C, Trigonox T, Perkadox 14-

15 90, Trigonox B, Trigonox 45.

When the solvent has been evaporated from the
bundle, this is then ready for the impregnﬁtion of the
fibreé with the polyolefinic thermoplastic resin in
powder form or in the form of continuous fibre.

26 _ Any system capable of impregnating continuous
fibres with a powder can be used in the process of the
present invention.

A valid impregnation system can be that with a
fluid bed described in US patent.4.614.678 which

25 involves passing the open, dry bundle through the



vinyl trichlorosilane, vinyl triacetoxysilane, vinyl 15
tri(nmethoxyethoxy)silane, etc. Finally, exanples of ethylenically

unsat ur at ed- organi ¢ conpounds contai ning at | east one anhydride,
carboxylic or epoxidic function are unsaturated anhy- drides such as naleic
anhydride, itaconic anhydride, 20 citradonic anhydride, succinic al kenyl
anhydrides with a [err] alkenylic residue; unsaturated carboxylic acids
such as nal ei ¢, powilemnimgirdiaineed cinia atlonid,steatel i c, nmet hacrylic acids;
unsat ur at ed epoxi des such as glyci- dyl.acrylate, glycidyl nmethacrylate;
etc. Maleic 25 anhydrihe finddaded icoratistsarced @ efearlie®d chamb@rgdmside
peroxi des are products used as radicalic initiators in grafting reactions

of pol yfuncti onalhienpgnsndsowdlre phbycerésinmaini xpowaag pare as aedmge
hal f time of between 10 and 200 seconds at tenperatures 5 of between 100

and 240C at whi afa il dirdfdush@erstiasn By Wi gaheiiddtogdrkd rhacs idxanpl es
of peroxi des, according to the present invention, are: dicunyl peroxide,
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but it is preferable to have an average dimension
comparable to the diameter of each single fibre. The
average diameter of the single particles is generally
between 10 aﬁd 100 micrometers. |
10 To favour impregnation, the opén filament is
guided inside the fluid bed lwith metallic pulleys
preferably made of aluminium and asymmetrically ar-
ranged inside the sealed chamber, and at least one of
these can be electrically connected to earth. The
15 number of pulleys is generally between 2 and 6.
Another system of impregnation involves immersing
and drawing the open bundle through a static bed
consisting of the polyolefinic resin in powder form
contained in a basin subjected to continuous vibration.
20 - The term static bed as used in the present inven-
tion and in the claims refers to a bed or a layer of
powder wherein the single particles can move freely
horizontally whereas the vertical movements are exclu-

sively limited to the thickness of the layer.

25 The vibrations of the basin containing the polymer



10 1, 3-bis(ter-butyl peroxy)isopropyl benzene, di butyl peroxide,
2,5-dinmethyl-2,5-bis(ter-butyl peroxy)hexine, etc. These peroxi des are
commercially avail abl e and are prepared by AKZO CHEM E under the

trade- nanes Per kadox BC, Trigonox 101, Trigonox C, Trigonox [err] Perkadox
14- 15 90, Trigonox [err] Trigonox 45.1%hen the sol vent has been evaporated
fromthe bundle, this is then ready for the inpregnation of the fibres with

the pol yol ef i nifntgﬁtya@iﬂ' 8SthCcaRSHE bPLPONE@ mESREH OEal Ty | ey fouan v
continuous fibre. 20 Any system capabl e of inpregnating continuous

fibres wth-a ppydgr,cgpyae uﬁe%g Nnd 465 PEECRSS S edttomiginiillc inugtion. A

valid inpregnation system ¢an be that with a fluid bed described in U.S.

e v ot B FRED. U SISO oo cR ot Yy It e
O Lo A Pob TSR, 15 BB bl ASHRUS P G I dFin i nec
"5 +tial channels inside the powder during the passage of
the bundle.

The impregnation of the inorganic fibres of the
bundle with the polyolefinic resin in the form of
continuous fibre can be carried out with the method

10 known as "commingling" and described for example in
European patent appliéation publication 138.294.

Polyolefinic resins which are particularly suit-
able for the process of the present invention are
polyethylene and polypropylene. More particularly

15 preferfed are the polyethylene homopolymer or copolymer
of ethylene with 2-25% by weight of at least another
C3—Cyo olefin such as propylene, butene-l, hexene-l{
octene-1l, etc. The polyblefinic resin has a density of
between 0.85 and 0.97 g/cmF, preferably between 0.92 and

20 0.96 g/cm®. The Melt Flow Index of the polyolefinic
resin is generally between 5 and 40 g/10 min.

When the impregnation step has been completed, a
protective sheath is applied to the filament. The

flexible sheath which covers the bundle of fibres is

25 present in such a way as to have a weight ratio between



5 The particle size of the powder is not critical but it is
preferable to have an average di nension conparable to the dianeter of each
single fibre. The average dianmeter of the single particles is generally
bet ween 10 and 100 m crometers. 10 To favour inpregnation, the
open filament is guided inside the fluild bed with netallic pulleys
preferably made of alun1n|un1and asymmetrically ar- ranged inside the

seal ed chanber, iﬁg& aﬁ% Ritefial NERA Caedith ebecrbrétwéﬁ geBNeGed to
earth. The 15 nunber of pul'leys is generally between 2 and 6. Another

system of inpregngtion involves imersing and drawi ng the open bundle
through a static bed consisting of the polyoleflnlc resin in powder form

contained in a basin %Ejﬁg{gplé %(%nt on\ﬁl széﬁ 49 formea_heié erm

static bed as used in e presen |nven- eclains refers to a
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that selected for impregnation. Sheaths made of ﬁolyol-
efins which are not only different but also with
melting points higher or 1lower than those of the
polyolefins impregnating the bundle, can also be used.
10 The sheath is applied to the bundle of impregnated
fibres with the known extrusion techniques described in
European patent application publications 188.939 and
190.522.
According to these techniques the bundle impreg-
15 nated with powder or polyolefinic fibres is coaxially
passed through a tubular die, with a basically circular
section, connected to an extruder. The plastic materi-
al, extruded with the tubular die, is drawn by a
viscous effect during the passage of the bundle and,
20 after a few seconds, cools to form the sheath.
It is also possible to haQe.a compésite filament
with a transversal section basically elliptic in shape.
In this case it is sufficient to have a tubular dié

with a geometrically rhombus-shaped transversal sec-

25 tion.



13 in powder form can be obtained nechanically, by oscil- lating arns, or
by neans of an electromagnetic head. The intensity of the vibrations is not
very. high but must be such as to prevent the formation of preferen- 5 tial
channel s inside the powder during the passage of the bundle. The

i npregnation of the inorganic fibres ofitghe bundle with the polyolefinic
resinin the formof continuous fibre can be carried out with the nmethod 10

known as "comm ngling, g Jeafd i \REUné EhogX 28R Ravil il raRe aiy 1fdwésal
application publication 138. 294 Polyoleflnlc resins which are particularly

sutt- able Tor LAgdineess & e{hsfgbs@i | BYERRERR A7 LIPOhY dwidne pnd

- pol ypropyl ene. re partlcul pre erred are the pol yethylene

honopol yner or Fgﬁokxgﬁ@ﬁ asﬁgpgle Gl 2?&%R¥ﬂ x LORL  Ofn te

another [err] o opy ene; Eutene ene-1,

pr of er abl y. bet weBRaS ?aiagfg‘%S%%*g%iﬁ%‘fﬂﬁf“fé%?éé’q %’*%Zu '?ﬁhe

ponoIeflnlc resin is generall betmeen 5 and 40 g/ 10 _mi.n.
i npr egnat i on9st peRED bREN %?%‘-’r e, @ ‘r‘%‘f 2Fi esh@’dttﬂl cmelaa]fo t he

filament. The
section having a diameter whlch is greater than that of
the maximum thickness of the crusﬁed bundle.
The composité material obtained with the process
of the present invention has a high flexibility which
10 allows it to be woven to form highly flexible mats or
to be used as such to form articies of any shape or
dimension, in accordance with the "filament winding"
technique.
More specifically the composite material of the
15 invention is suitaﬁle to be used as an alternative to
metals and relative alloys in the building, transport,
airspace industries, etc.
The process for the preparation of the flexible
composite materials of the. present invention can be
20 better illustrated by referring to the drewing of.the
enclosed figure, which fepresents an oéerdtive but net
limiting example. |
A bundle of continuous fibres (1) is unrolled from
a bobbin (2) and is fed to sealed chamber (3) through .

25 the seal opening (4).



fl exi bl e sheath which covers the bundle of fibres is 25 present in such a
way as to have a weight. ratio between 14 inpregnating material and
-sheath of between 1:2 and 2:1. The material of which the sheath is forned
is selected fromthe thernoplastic polyolefins previously 5 Ilisted and can
be of the same type or different fromgiéat sel ected for inpregnation.
Sheat hs made of polyol- efins which are not only different but also with
mel ting points hi ghepegbrbodktetiag tHOSAnd P 1 YIRS d BREREAT | Ng
t he bundl e, can al so be used. 10 The sheath is applied to the bundle
of inpregnated i 1Mt 1 e : USH 1834 £CREYHES 1485 CE4-P '

B L A e ap B M o010 5 S B o

Eur opean patent app lon pu 39 ‘an 522. Acc
h hni d ! i : Lval efin;
bres i s coaxiaryiadbict®) » EEHa Wy IS e 3 RIS TheRBekd Bt ¥ o

section, conneclofh L0l PXULISI, THSeR! 281 FalBIE sodblaa SHRATOInY 11

5 solution of the present invention and then dried with

a jet of air not shown in the figure.

Inside the chamber (3), a thermoplastic polyolefin
in powder.form (6) is maintained in a fluid state by a
stream of air or nitrogen fed through the pipe (7).

10 The open bundle is drawn through the fluid bed by
means of pulleys (8), (8') and (8'') and, during this
passage, the fibrés are impregnated with the powder. To
favour the impregnation, the pulleys are electrically
connected to earth (9, 9! and g1y,

15 The bundle impregnated with the powder leaves the
chamber (3) and is reclosed through the seal opening
(10) having at the top a tubular die (11), fed by ahn
extruder (12), suitable for covering the impregnated
‘bundle with a flexible sheath made of thermoplastic

20 polyolefin.

The composite filament thﬁs prepared is passed
fhrough.the pulley (13) to favour the air cooling,
then, guided by the rolls (14) is collected onto the
bobbin (15). |

25 The following examples which are illustrative but



vi scous effect during the passage of the bundle and, 20 after a few
seconds, cools to formthe sheath. It is also possible to have a conposite
filanent with a transversal section basically elliptic in shape. In this
case it is sufficient to have a tubular die with a geonetrically

r hombus- shaped transversal sec- 25 tion.l7 15 An alternative nethod for
havi ng the transversal section of the conposite filament with a basically

el lipti cal Shap%oitnvﬂiiﬂgiiﬁbusﬁi}&%&@eti”Eé‘é%i‘t %&é&r@é&@linéi g{:estﬂét h a

pair of rolls and extruding“the 5 shea y nmeans of a tubula ewth a

circul ar sectiogggagt fhdgéﬁ%? B%%%:gésaﬁmgéggﬁgﬁtthan t hat of the

maxi mum t hi ckne e cru e conposite materi al obtained
with the proces§xghP&E§ atgﬁfnt_invention_has a high flexibility which 10
allows it to be highly flexible mats or to be used as such to
formarticles of any,shaR%d $h512Le"r1bRea8Y 4306° lhf o Mcr e aent
5 R2S5B is unrolled.from a bobbin at a rate of‘20 m/min
and basically opened into its single fibres by passage
through a mechanica} opener consisting of 4 rolls of 20
mm in diameter. The open bundle is uniformly wetted by
passing.it between two layers of fabric.soaked with an
10 acetone solution containing maleic anhydride (10% by
weight) and dicumyl peréxide (2% by weight) and dried
with an air jet. |
~ The open bundle is subsequently impregnated by
passing it through a fluid bed obtained by bubbling in
15 1600 l/hour of nitrogen through 900 g of polyethylene
(ERACLENE MP 80 of Enichem S.p.A.) in powder form
contained in a sealed chamber.
inside the sealed chamber, the open bundle is
guided bx three pulleys asymmetrically arranged in such
20 a way ‘that there is always a stretch of filament of
about 0.5 metres immersed in the fluid bed.
At the end of the impregnation, a sheath consist-
ing of polyethylené of the type ERACLENE. MS 80 of
Enichem, is appiied to the bundle.

25 The sheath is applied to the filament by a Maille-



More specifically the conposite material of the 15 invention is suitable to
be used as an alternative to netals and relative alloys in the building,
transport, airspace industries, etc. The process for the preparation of the
flexible composite materials of the present invention can be 20 better
illustrated by referring to the drawi ng df8 t he encl osed figure, which
represents an operative but not limting exanple. A bundle of continuous

fibres (1) is unggllag fuyqum ?e?@P@&é&ingg?BBebswfi%ﬂ_ w0 il o £hambgpel 3)

t hrough 25 the seal openi'ng (4). ore entering the chanber,

bundi e 5" openecyeBaspakhe Wiy il NI SEES | MaddCerTomDERe

cylinders (5), wetted by neans of a passage ween two ro

wih o, Jabric soakgdulshat g orhl suacRt L RRESATbL! 1405t oag, el e

dried with a jet of arr not shown i gure.
we;”"p' astic pohyoh8tip bF PRLIPL:LALAL(Ghikd YB' 514 BRY the fallfbfeit ate
| 5 of the die inlet is 2.4 mm.

With the composite filament thus prepared, test
samples were prepared for determining the mechanical
charaéteristics of the moulded material.

Unidirectional plates of 28x28 cm were made with

10 the filament, which were stratified with the sequence

(o°, 0°, 90°, O’] and compression moulded at 190

symmetric
and 210°C.

Table I summarizes the final results. For the

determination of.the shear resistance, reference was

15 made to the method described in "Developments in the

Science and Technology of Composite Materials" ECCMS,

B.Lauke et al, 1992, page 313, modified for flat test

samples having dimensions of 10x10x3.3 mm.



streamof air or nitrogen fed through the pi-pe (7). 10 The open
bundle is drawn through the fluid bed by neans of pulleys (8), (8 ) and

(8 ') and, during this passage, the fibres are inpregnated with the powder.
To favour the.inpregnation, the pulleys are electrically connected to earth -
(9, 9" and 9'"). 15 The bundl e i npPegnated with the powder |eaves the
chanmber (3) and is reclosed through the seal opening (10) having at the top
a tubular die (11), fed by an extruder (12), suitable for covering the

i npregnated bundle with a filexible sheath nade of thernoplastic 20

pol yol efin. The conposite filanment thus prepared is passed through the
pulley (13) to favour the air cooling, then, guided by the rolls (14) is

col l ected onto the bobbin (15). 25 - The follow ng exanples which are
illustrative but 17 not limting provide a better understanding of the
present invention and its enbodiment. EXAMPLES 1-10
Qlw|w|~|R{NIm|n| N
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SM 5%
VTES 5%

TAIC 5%

AM 10%-DCP

Prosil 5%

Damping
AM 10%

SM 5%DCP 1% 57.7
VTES5%DCP19%  63.0
'WNCEWGCK””9Q 58.9

*ASTM D790M, distance ratio between supports and 32/1 thickness

TAIC: Triallylisocyaniurate

VTESﬂﬁnthmm»wsmrw'

DCP: .picumyl

AM: maleic anhydride
SM: maleamic silane

Example
1
2
3
4
5
6
7
8




A bundl e of glass fibres of 1200 tex of OCF type 5 R25B is unrolled froma
bobbin at a rate of 20 mMmn and basically opened into its single fibres by
passage through a nechani cal opener consisting of 4 rolls of 20 nmin

di anmeter. The open bundle is uniform'y wetted by passing it between two

| ayers of fabric soaked with an 10 acetdfhe sol ution containing maleic
anhydri de (10% by wei ght) and di cunyl peroxide (2% by wei ght) and dried
-wWith an air jet. The open bundle is subsg@ye@at!y inpregnated by passing it
through a fluid bed obtained by bubbling Tn I5 1600 |/hour of nitrogen

through 900 g of)pol Yaliud ane e FRACL EMEL . B0 0o £ F18i 818 AchelrgRowder

form cont ai ned i a seale hanber e seale mber’, the open
bundl e is guided by . I i
that there is al vvaystpria%t 3{1 O%é?)sfa&l arrenfa&"(éﬁkébggbrtggggﬂgt eoéldlgﬂ#é?lsed in
the fluid bed. At the _end of. t regnat i a sheath con i st-
pol yet hyl ene of the ﬁ&§%§%&ﬁ_|ﬁ?4a% ﬁ&FaEEycﬁgﬁflﬁ lgﬁpP ea f&e %e
bundle. 25 5 The iheastl;]ealtéh aRPJ Ip C!Lyo(?l.ethenef Irl'gsnfrrllt wpﬁc% covers a
bundle of fibres impregnated with a polyolefine
resin, which comprises:
a) unrolling a filament, consisting of a bundle
of continuous inorganic fibres, from a bob-
10 bin;
b) opening the bundle into the single fibres;
c) wetting the open fibres with a solution
basically conéisting of:
i) an organic solvent;

15 ii) 1-30% by weight of at least one additive

selected from those having the general

formula:
0 O R,
I Il
R-O-C-CH=CH-C-N-X--S:'L-(R.‘,)n (I)
20 . : (R3) 3.,
(R.‘,)n-si—CH=CH2 (II)

(Rg)3.q

or from ethylenically unsaturated orgénic
compounds containing at least one anhy-

25 dride, carboxylic or epoxidic function and



18 fer 30 type extruder equipped with a die of the type used in the

"sl eevi ng" technique. The dianeter of the die is 3.5 nm The dianeter of
the chuck is 2.9mm The dianmeter of the filament guide is 2.0 mMm The
dianmeter 5 of the die inlet is 2.4 mm Wth the conposite filanent thus
prepared, test sanples were prepared f@& determ ning the nechanica
characteristics of the noulded material. Unidirectional plates of 28x28 cm
were made with 10 the fil abehallyhcghnueaeest oat i trésethybalbeliegegase
[O[err], [err] , [err]] symetric and conpression noul ded at 190 and
210[err]. Table I sunmari zgarabe;final results. For the determ nation of
the shear resistance, reference was 15 nade to the nethod described in

"Devel opnents in the Sci engfqarthek@GH0RO0GMT R CopBPSELEnYRE hPphSogERCVD,
B. Lauke et al, 1992, page 313, nodified for flat test sanples having
di mensi ons of 10x10x3.3 Matom df alkylic radical containing from 1 to
5 8 carbon atoms, R, represents an alkoxylic
radical.containing from 1 to 6 carbon atoms
or a halogen, R; represents an alkyl radical
containing from 1 to 8 carbon atoms, X repre-
sents a C,~C,; aromatic bivalent radical or
10 cycloalkyl radical or C.C10 heterocyclic
radical or a radical having the. formula
~(-CH-) - wherein R, is a hydrogen atom or
R,
a C-C,; alkyl radical, n is‘'an integer be-
15 tween 1 and 3, extremes included, m is an
integer between 1 and 4, extremes included;
iii) 0-10% by weight, preferably 0.5-5%, of
at least one orgnaic peroxide;
d) evaporating the solvent from the wet fibre;
20 e) . impregnating the open filament with a polyol-
efine resin in powder form or in the form of
a continuous fibre;
f) reclosing the impregnated filament and apply-

ing a protective flexible thermoplastic

25 sheath around it in polydlefine resin pref-

"% C L M S %



[err] [err]

[err]

20 CLAI M5 1) Process for the preparation of a

flexible, thermp- plastic conposite filanment, containing continuous
‘inorganic fibres basically consisting of a flexi- 5 bl e sheath i
pol yol efine resin which covers a bundle of fibres inpregnated with a

pol yol ef i ne resin,

whi ch conprises: a) 22unrolling a filanent, consi st

of a bundle of continuous inorganic fibres, froma bob- 10

b)  opening the bundle ig&tgblPeosithl sahidkdhnd @ theepdwdgrt belppen
fibres with a solution basically consisting of: i) an organic solvent
i) 1-30% by weight of agrigaste®f. additive selected fromthose having

t he general

for mul a:

10

15

20

25

2)

3)

4)

5)

Process accofding to claim 1, wherein the compos-
ite filament has a fibre content of up to 70% in
volume;

Process according to claims 1 or 2, wherein the
products having generél formﬁla (I) are those
wherein R and R, are hydrogen atoms; R, is -OCH;,
-OC,H;, -OC;H,, ~OCH,; 'X is a propyl: R, is a hydro-
gen atom; n.is 2 or 3; m is equal to 3.

Process according to any of the previous claims,
wherein the products having general formula (II)
are selected from: ethyl triethoxysilane, chloro-
propyl trimethoxysilane , vinyl triethoxysilane,
vinyl trichlorosilane, vinyl triacetoxysilane,
vinyl tri(methoxyethoxy)silane.

Process according to any of the previous claims,
wherein the ethylenically unsaturated organic
compounds containing at least one anhydride,
carboxylic or epoxidic function are selected from:
unsaturated anhydrides such as maleic anhydride,
itaconic anhydride, citraconic?anhydride, succinic
alkenyl anhydrides with a C,~C,; alkenylic residue;
unsaturated carboxylic acids such as maleic,

crotonic, cinnamic, itaconic, acrylic, methacrylic

n

i ng
bi n;

;15

* c L M 1 *



[err] 20 [err] or fromethylenically unsaturated organi c conpounds

cont ai ni ng at | east one anhy- 25 dride, carboxylic or epoxidic
functi on and 21 triallylcyanurate or trinethylallylisocya- nurate; and
wherein R and [err] represent a hydrogen atom or al kylic radical containing
fromlto 5 8 carbon atons?3[err] represents an al koxylic

radi cal containing from1l to 6 carbon atons or a halogen, [err] represents

an al kyl radical cont@iikidld fur¥athidtdl CERN ddHNMEsuch r eps e-grpsiaya
[err] aromatic bivalent radical or 10 - cycloal kyl radical or

[err] 15 a hydrogen Stamioe A e e I nleder be. 15
tween 1 and 3, eyiremRyddi Ul&hrding €8 any of the previous claims,
wherein the organic peroxideé are selected from:
5 dicumyl peroxide, 2,5-bis(ter-butylperoxy)-2,5—
dimethylhexane, ter-butylperoxybenzoate, ter-
butylcumyl peroxide, 1,3-bis(ter-butylperoxy) iso-
propylbenzene, dibutyl peroxide, 2,5-dimethyl-2, 5~
bis (ter-butylperoxy)hexine.
i0 7) Process accérding to any of the previous claims,
wherein the polyolefine resins are polyethylene
and polypropylene.
8) Process according to claim 7, wherein the polyol-
efiné resin is the polyethylene homopolymer or
15 copolymer of ethylene with 2-25% by weight of at'
least another C;-C,, olefin.
9) Process accprding to any of the preQious claims,

wherein the material of which the sheath is made

is selected from thermoplastic polyolefins.

Pl



I nt eger betvieen 1 and 4, extrenmes included; iii) 0-10% by wei
preferably 0.5-5% of at |east one orgnai c peroxide; d) eva
solvent fromthe wet fibre; 20 e) i mpregnating the ope
wth a polyol- efine resin in powder formor in the formof a
fibre; f)  reclosing the inpregnated f@#anment and apply- ing a protective

s BIEENSIAS BEES
fil axerACED

fl exi ble thernoplastic 25 sheath around it in polyolefine resin
pr ef - 22 erably of the same kind as the powder polyol- efine resin. 2)
Process according to claim 1, wherein the conpos- ite filanment has a fibre
content of up to 70%in 5 vol une. 3) Process according to clains 1
or 2, wherein the products having general fornmula (1) are those wherein R
and [err] are hydrogen atons; [err] is [err], [err]; X is a propyl; [err]
is a hydro- 10 gen atom nis 2 or 3; mis equal to 3.

PROCESS FOR THE PﬁEPARATION OF A FLEXIBLE THERMOPLASTIC
COMPOSI’fE FILAMENT CONTAINING CONTINUOUS FIBRES.
Abstract |
Process for the preparation of a flexible, thermoplas-
5 'tic, composite filament, containing continuous fibres
basically Icoﬁsisting of a flexible sheath made of
polyolefinic resin which covers a bundle of fibres
impregnated with a polyolefinic resin, wherein the
inorganic fibres are treated with a solution containing
10 additives which improve the compatibility between
reinforcemgnt and polymeric matrix after transformation

into end products.

Sheet Has Been Re laced
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4) Procesg,according to any of the preV|ous cl aims, wherein the products
havi ng general formula (11) are selected from ethyl triethoxysilane,

chl oro- propyl trimethoxysilane , vinyl triethoxysilane, 15 vi nyl
“trichlorosilane, vinyl triacetoxysilane, vinyl tri(nmethoxyethoxy)silane.
5) Process according to any of the previous clains, wherein the

et hyl enical |y unsaturated organi ¢ codpdunds containing at |east one
anhydri de, 20 carboxylic or epoxidic function are selected from
unsat urat ed anhydri des such as nal ei.c anhydri de, |tacq; esanhydri de,
citraconi ¢ anhydride, succinic al kenyl anhydrides mn,/// \X‘r] al kenylic
resi due; unsaturated carboxylic acids such as mal ei '

crotonic, -
~cinnam c, itaconic, acrylic, nethacrylléf 23 acyds; Yur at ed epOX|des

such as gl yci dyl acrylate gl yci dyl met hac 24" according to
any of the previous clainms, wherein the org oer oxi des are- sel ected
from 5 - dicunyl peroxide, 2,5-bis(t Igeroxy) 2, 5-




di et hyl hexane,
1, 3-'bi s(ter-butyl peroxy)iso- propyl benzene, dibutyl peroxide
2,5-di methyl -2, 5- bis(ter-butyl peroxy)hexine. 10 7) Proce
any of the previous clainms, wherein the polyol efine resins

and pol ypropyl ene. 8) Process according to claim7, wherein the polyol -

ter-butylperoxybenzoaté, ter- butyl cunyl

RHEPUACERMENT SHEET

efine resin is the pol yethyl ene honopol r or 15 copol yner of
ethylene with 2-25% by wei ght of at |east another [err] olefin. 9)

Process according to any of the previous clains, wherein the materi al
whi ch the sheath is made is selected fromthernoplastic polyol efins.

10

PROCESS FOR THE PREPARATION OF A FLEXIBLE THERMOPLASTIC
COMPOSITE FILAMENT CONTAINING CONTINUOUS FIBRES.
Abstract

Process for the preparation of a flexible, thermoplas-
tic, composite filament, containing continuous fibres
basically consisting of a flexible sheath made of
polyolefinic resin which-. covers a bundle of fib;és
impregnated ‘with a poiyolefinic | resin, wherein the
inorganic fibres are treated with a solution containing
additives which improve the compatibility between
reinforcement and poiymeric matrix after transformation

into end products.

Figure 1



